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^^The  current  convective  instability  has  recently  been  proposed  as  a  possible  mechanism  for  genera¬ 
ting  large  scale  irregularities  in  the  auroral  F  region,  driven  by  weak  field-aligned  currents  associated 
with  the  diffuse  aurora  and  a  plums  density  gradient  (Ossakow  and  Chaturvedi,  1979).  In  this  re¬ 
port,  we  show  that  this  instability  can  stabilize  nonlinearty  by  generating  linearly  damped  harmonics. 
An  estimate  of  the  saturated  amplitudes  show  good  agreement  with  the  available  experimental  data. 
In  addition,  with  a  northward  pluma  density  gradient,  the  dominant  nonlinear  harmonic  is  in  the 
northward  direction,  in  agreement  with  DNA  Wideband  utellite  observations.  jK 
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NONLINEAR  STABILIZATION  OF  THE  CURRENT  CONVECTIVE 
INSTABILITY  IN  THE  DIFFUSE  AURORA 


The  high  latitude  scintillation  enhancements  observed  recently  by  the  DNA  Wideband 
satellite  have  been  characterized  by  the  association  of  their  occurrence  regions  with  horizontal 
plasma  density  gradients  and  with  the  nighttime  diffuse  auroral  particle  precipitation  zone 
[Fremouw  et  al.,  1977;  Rino  et  al. ,  1978}.  The  scintillations  are  believed  to  be  caused  by  field- 
aligned  sheetlike  F  region  ionospheric  irregularities.  Recently,  we  have  argued  that  a  current 
convective  instability,  driven  by  a  weak  magnetic  field-aligned  current  and  a  plasma  density  gra¬ 
dient  transverse  to  the  magnetic  field,  could  generate  large  scale-size  irregularities  in  the 
medium;  even  when  the  directions  of  the  ambient  horizontal  electric  field  and  density  gradient 
are  such  that  the  usual  Ex  B  gradient  drift  instability  is  inoperative  [Ossakow  and  Chaturvedi, 
1979].  It  was  shown  there  that  the  threshold  conditions  for  the  instability  could  readily  be 
exceeded  by  the  observed  values  of  weak  diffuse  auroral  currents  and  horizontal  plasma  density 
gradients  at  F  region  altitudes.  In  this  report,  we  show  that  the  current  convective  instability 
saturates  nonlinearly  by  generating  linearly  damped  harmonics  through  a  dominant  two- 
dimensional  nonlinearity  in  the  continuity  equation.  The  estimated  saturated  amplitudes  are 
then  compared  with  the  experimental  data  recently  obtained  through  in-situ  rocket  flights  (M. 
C.  Kelley,  private  communication,  1979),  and  the  agreement  is  found  to  be  satisfactory.  We 
note  here  that  this  nonlinear  saturation  mechanism  has  earlier  been  studied  for  the  cases  of 
some  other  gradient  driven  instabilities,  namely,  the  £  x  £  gradient-drift  instability  [Rogntien 
and  Welnstock ,  1974;  Chaturvedi  and  Ossakow,  1979]  and  the  collisions)  and  collisionless  gravita¬ 
tional  (Rayleigh-Taylor)  instability  [Chaturvedi  and  Ossakow,  1977;  Hudson,  1978). 
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We  consider  a  coordinate  system  appropriate  for  the  auroral  F  region  ionosphere  in  which 
the  earth’s  magnetic  field  is  aligned  with  the  z-axis,  the  density  gradient  points  northward  along 
the  y-axis,  and  the  x-axis  points  westward.  Note  that  an  ambient  electric  field  in  the  east-west 
direction  and  a  horizontal  gradient  in  the  east-west  direction  have  also  been  occasionally 
observed.  But  we  shall  ignore  them  for  simplicity  as  we  do  the  vertical  altitude  density  gradient 
which  is  very  weak.  The  basic  equations,  describing  a  nearly  field-aligned  current-convective 
mode  in  this  situation,  are 
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and 


V-J-0  (4) 

where  we  allow  for  perturbations  having  small  variations  along  the  magnetic  field. 

The  first  two  equations  describe  the  motion  of  electron  and  ion  fluids,  in  which  we  have 
ignored  the  inertial  effects  for  the  two  species  on  account  of  the  low  frequencies  considered. 
Equation  (3)  is  the  continuity  equation  for  species  a,  where  subscript  a  stands  for  ions  or  elec¬ 
trons;  and  Eq.  (4)  results  from  quasi-neutrality,  n,  =  n,  =  n.  The  notation  used  here  is  stan¬ 
dard:  c  is  the  speed  of  light,  n  is  the  density,  v  the  fluid  velocity,  T  the  temperature  in  energy 
units,  i  denotes  perpendicular  to  the  ambient  magnetic  field  BqZ,  z  is  the  unit  vector  along  the 
z-axis,  t'c,  is  the  Coulomb  collision  frequency,  is  the  ion-neutral  collision  frequency,  c,2 3  is 
the  ion  sound  speed  (=  (Te  +  T,)/M) ,  M  is  the  ion  mass,  m  the  electron  mass,  ft  is  the  cydo- 
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iron  frequency,  and  so  on.  We  have  neglected  *««,  the  electron  neutral  collision  frequency  and 
have  assumed  vj  ft,  <  <  1,  appropriate  for  the  F  region. 

In  what  follows  we  equate  the  weak  diffuse  auroral  currents  observed  in  the  ionoephere  to 
a  relative  drift  between  electrons  and  ions,  vd  (vd  -  v0  -  V#),  along  the  magnetic  field.  The 
ion  and  electron  continuity  equations  may  be  written  as,  in  the  ion  frame. 


6n  cfL  x  z 
at  Bo 


and 


Vin  +  Vx  •  I—  n 
-V, 


Sk. 

"  Bo 
"in  cTj 


fli  eBo 


Vi  n 


_  V7  .  | Ijl  iL  \7  n| _ §L  I-SL  Id. 

*1  I  r*  n  Vi  n|  I 


fte  Oi 


dz 


-0 


(5) 


an 

at 


dn  .  cEx  x  z 
‘dz 


i7  +  vd-  +  -~-.Vin-Vi 


_a_ 

eE* 

_  JL, 

Te 

+  SL 

dz 

n 

nW'ei 

dz 

tru'd 

t'in 

J!L  T7  „ 

nTnT  in 


az 


Equation  (4)  is  nothing  but  the  difference  of  Eqs.  (S)  and  (6), 
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Any  two  of  the  Eqs.  (5) -(7)  provide  the  complete  description  of  the  current  convective 
instability.  In  the  linear  approximation,  a  perturbation  of  the  form  *  exp  i 
(kxx  +  kyy  +  kzz  -  a >/),  where  w  =  co,  +  iy ,  grows  at  a  rate  y,  given  by. 
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where,  Iq2  -  kx2  +  ky2,  Iq2  »  k2  and  L_l  -  iqf  l(8iW8y).  This  is  the  growth  rate  expression 
also  derived  in  our  earlier  paper  for  the  current  convective  instability  { Ossakow  and  Chaturvedi, 
1979]  with  three  differences.  In  Eq.  (8)  we  have  ignored  any  equilibrium  transverse  electric 
fields,  have  included  the  diffusion  damping  and  allowed  for  ky.  [Note  that  (8)  is  the  same  as 
(10)  in  Ossakow  and  Chaturvedi  [1979]  but  differs  from  their  (9).  This  is  because  in  arriving  at 
(1)  and  (2),  in  the  present  work,  the  relative  motion  in  the  electron-ion  collision  term  in  both 
the  electron  and  ion  momentum  equations  has  been  retained.] 

The  current  convective  instability  is  characteristic  of  collisional  magnetoplasma 
configurations  with  a  field-aligned  current  and  a  transverse  density  gradient,  and  was  first  dis¬ 
cussed  in  connection  with  the  positive  column  of  laboratory  gas  discharges  [ Kadomstev ,  1965] . 
A  physical  picture  for  this  instability  has  been  given  in  our  earlier  paper  (Ossa/cow  and  Cha¬ 
turvedi ,  1979],  Briefly,  the  equilibrium  electron  drift  along  the  magnetic  field  with  respect  to 
ions,  vd,  causes  polarization  charges  to  develop  across  density  fluctuations  associated  with  the 
nearly  perpendicular  mode  (Iq  »  kz)  [see  Eq.  (7».  The  resulting  EA  x  Bo  convection  of  the 
fluid  along  the  equilibrium  density  gradient  carries  density  depletions  into  increasing  density 
regions  and  vice  versa.  As  a  consequence,  the  perturbation  appears  to  grow  with  respect  to  the 
background  [Eq.  (S)  or  (6)].  The  instability  occurs  when  the  growth  term  overcomes  the 
damping  due  to  ambipolar  diffusion.  This  convective  instability  picture  is  all  too  familiar  with 
the  other  gradient  instabilities  such  as  the  gravitational  and  Ex  B  instabilities  (see,  e.g.,  Sudan 
eta/.,  1973], 

In  such  cases,  a  dominant  stabilization  mechanism  has  been  shown  to  be  the  two- 

dimensional  mode  coupling  to  linearly  damped  harmonics  through  Ei  *  Bo  •  Vx  n  term  in  the 
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continuity  equation  [Rognlten  and  Weinstock,  1974;  Chaturvedi  and  Ossakow ,  1977;  1979).  This 
stabilization  mechanism  may  be  viewed  as  resulting  from  a  nonlinear  flux  of  particles  or  a 
quasi-linear  modification  of  the  equilibrium  density  gradient  which  acts  to  limit  the  growth  of 
perturbations.  It  may  be  noted  that  the  Ex  x  Bo  •  Vx  n  term  in  the  case  of  plane  wave  pertur¬ 
bations  is  vanishingly  small,  in  which  case  some  other  nonlinearity  may  be  the  dominant  one. 
In  the  present  case,  however,  for  highly  field-aligned  perturbations,  such  that 
(pJClt)  »  (kj/k^  )J  the  two-dimensional  nonlinearity  in  the  continuity  equation  is  the  most 
important  one.  Thus  in  the  ensuing  analysis,  we  shall  treat  Eq.  (7)  linearly  and  retain  only  this 
nonlinearity  in  the  continuity  Eq.  (6).  We  shall  follow  the  approach  outlined  in  Rogniien  and 
Weinstock  (1974)  and  Chaturvedi  and  Ossakow  [1977;  1979). 

Consider  a  perturbation  of  the  form 


I— I  -  Aj  |  sin  (k,x  +  k2z  -  <*t)  cos  kyy  (9) 
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where  we  have  ignored  some  small  terms  (i.e.,  the  terms  proportional  to  temperature;  this  is 
justified  for  the  large  parallel  and  perpendicular  wavelengths  we  are  considering).  The  £|  x 
Bo  ■  Vj.  ft  term  in  the  continuity  equation  may  be  written  as 
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which  shows  that  the  spatial  harmonic  in  the  direction  of  the  gradient  is  generated  through  this 
nonlinearity.  We  call  it  a  new  mode 


One  can  write  the  continuity  Eq.  (6)  in  a  form 


Aj  q  sin  2kyy. 
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where  we  have  split  n  -  no  +  ft,  no(y)  is  the  ambient  plasma  density,  ft  is  the  perturbation,  and 
y  is  the  net  growth  (or  damping)  of  the  modes.  It  can  be  readily  verified  that  a  perturbation  of 
the  form  (9)  grows  with  the  growth  rate  given  by  expression  (8)  while  the  mode  (12)  simply 
damps  out  due  to  diffusion.  Following  the  procedure  outlined  in  Rognlien  and  Weinstock  (19741 
and  Chaturvedi  and  Ossakow  (1977;  1979],  we  substitute  for  the  density  perturbation,  in  Eq. 
(13), 


—  -  A),  i  sin  (k*x  4-  kzz  -  wt)  cos  kyy  +  A2  0  sin  2kyy  (14) 

n0 

The  associated  potential  perturbation  then  can  be  computed  from  the  linearized  Eq.  (7)  and 
substituted  in  Eq.  (13). 

One  then  obtains  two  coupled  equations  for  the  mode  amplitudes. 
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is  the  coupling  coefficient.  One  notes  that  in  Eqs.  (15)  and  (16),  the  nonlinearity  causes  a  non¬ 
linear  damping  to  be  introduced  for  the  linearly  growing  mode  A(>  i  through  its  interaction  with 
mode  A2.0;  whereas  the  linearly  damped  mode  A20  gets  driven  on  account  of  the  nonlinear 
interaction  of  mode  Au  with  itself.  In  an  asymptotic  steady  state,  one  can  put  3AU/St  » 
9A2  (/St  *=  0.  Then  (15)  and  (16)  yield. 


and 
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A  rough  estimate  may  be  made  of  the  saturated  amplitudes.  If  -y  i,  i  >  y2.o,  then  one  notes  that 
A2.o  >  Ai  i-  Then  for  L  ~  50  km  and  Xy  ~  10  km,  one  obtains  for  A2  0  —  3.2%.  It  may  be 
mentioned  here  that  in  a  recent  in-situ  rocket  measurement  of  auroral  F-region  irregularities,  a 
percentage  fluctuation  amplitude  of  this  order  was  measured  for  these  scale  sizes  (M.C.  Kelley, 
private  communication,  1979).  It  should  also  be  noted  that  the  linear  theory  of  the  current 
convective  instability  favors  a  wave  vector  in  the  east-west  direction  (see  Eq.  (8)),  i.e.,  perpen¬ 
dicular  to  the  northward  density  gradient.  However,  with  A2  0  >  A,  ],  the  nonlinear  saturated 
state  of  the  instability  would  make  the  k  vector  appear  to  be  in  the  y  (northward)  direction,  i.e., 
the  final  spectrum  would  be  dominated  by  the  north-south  modes.  This  is  in  agreement  with 
the  observations  of  Rino  el  al.  [1978]  who  observed  the  sheet-like  scintillation  causing  F  region 
irregularities  to  be  L  shell  aligned.  Furthermore,  the  simulations  of  Kesk'men  et  al.  [1979]  have 
shown  that  the  collisional  Rayleigh-Taylor  instability  in  equatorial  spread  F  saturates  by  the  two 
dimensional  mode  coupling. 
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In  summary,  we  have  shown  that  a  nonlinear  two-dimensional  mode  coupling  can  stabilize 
the  current  convective  instability  in  the  auroral  F-region  ionosphere  during  diffuse  auroral  con¬ 
ditions.  The  saturated  fluctuation  amplitudes  of  these  large  scalesize  structures  (—10  km) 
could  be  on  the  order  of  a  few  percent  of  the  background  values. 
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OlCY  ATTN  CODE  10 IB 


DEFENSE  DOCUMENTATION  CENTER 
CAMERON  STATION 
ALEXANDRIA,  VA.  22314 

(12  COPIES  IF  OPEN  PUBLICATION,  OTHERWISE  2 
12CY  ATTN  TC 


DIRECTOR 

DEFENSE  INTELLIGENCE  AGENCY 
WASHINGTON,  D.C.  20301 
OICY  ATTN  dt-ib 
OICY  ATTN  D6-4C  E.  O’ FARRELL 
OICY  attn  oiaap  a.  wise 
OICY  ATTN  01 AST- 5 
OICY  ATTN  OT-1BZ  R.  MORTON 
OICY  ATTN  HQ-TR  j.  STEWART 
OICY  ATTN  W.  WITTIG  OC-7D 

DIRECTOR 

DEFENSE  NUCLEAR  AGENCY 
WASHINGTON,  D.C.  20305 
OICY  ATTN  STVL 
04CY  ATTN  T1TL 
OICY  ATTN  DOST 
05CY  ATTN  RAAE 

COMMAfOER 
FIELD  COMMAND 
DEFENSE  NUCLEAR  AGENCY 
XIRTLAND  AFB,  NM  87115 
OICY  ATTN  FCPR 

DIRECTOR 

INTERSERVICE  NUCLEAR  WEAPONS  SCHOOL 
XIRTlANO  AFB,  W  87115 

OICY  ATTN  DOCUMENT  CONTROL 

JOINT  CHIEFS  OF  STAFF 
WASHINGTON,  D.C.  20301 

OICY  ATTN  J-3  WWMCCS  EVALUATION  OFFICE 


DIRECTOR 

JOINT  5TRAT  TGT  PLANNING  STAFF 
OFFUTT  AFB 
OMAHA,  NB  68113 

OICY  ATTn  JLTW-2 
OICY  ATTn  jPST  G.  GOETZ 

CHIEF 

LIVERMORE  DIVISION  FLD  COMMAhO  DMA 
department  of  DEFENSE 
LAWRENCE  LIVERMORE  LABORATORY 
P.  0.  BOX  808 
LIVERMORE,  CA  94550 
OICY  ATTN  FCPRL 


DIRECTOR 

NATIONAL  SECURITY  AGENCY 

department  of  defense 

FT.  GEORGE  G.  MEADE,  MD  20755 

OICY  ATTN  JOHN  SKILLMAN  R52 
OICY  ATTN  FRAJGC  LEONARD 
OICY  ATTN  Wl4  PAT  CLARK 
OICY  ATTN  OLIVER  H.  BARTLETT  WJ2 
OICY  ATTN  R5 

COMMANDANT 

NATO  SCHOOL  (SHAPE) 

APO  NEW  YORK  09172 

OICY  ATTN  U.S.  DOCUMENTS  OFFICER 

UNDER  SECY  OF  DEF  FOR  RSCh  &  ENGRG 
DEPARTMENT  OF  DEFENSE 
WASHINGTON,  D.C.  20301 

OICY  ATTN  STRATEGIC  &  SPACE  SYSTEMS  (OS) 

WWMCCS  SYSTEM  ENGI BERING  ORG 
WASHINGTON,  D.C.  20305 

OICY  ATTN  R.  CRAWFORD 

COMMANOER/Dl RECTOR 
ATMOSPHERIC  SCIENCES  LABORATORY 
U.S.  AKMY  ELECTRONICS  COMMAND 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 
OICY  ATTN  DELAS-EO  F.  NILES 

DIRECTOR 

BMD  ADVANCED  TECH  CTR 
HUNTSVILLE  OFFICE 
P.  0.  BOX  1500 
HUNTSVILLE,  At  3580) 

OICY  ATTN  ATC-T  MELVIN  T.  CAPPS 
OICY  ATTN  ATC-0  W.  DAVIES 
OICY  ATTN  ATC-R  DON  RUSS 

PROGRAM  MANAGER 
BMD  PROGRAM  OFFICE 
5001  ElSEf'HOwER  AVENUE 
ALEXANDRIA,  VA  22333 

OiCY  ATTN  DACS-3MT  J.  SHEA 

CHIEF  C-E  SERVICES  DIVISION 
U.S.  ARMY  COMMUNICATIONS  CMC 
PENTAGON  RM  18269 
WASHINGTON,  O.C.  20310 

OICY  ATTN  C-e-SERVlCES  DIVISION 


COfWClER 

FRADCOM  TECHNICAL  SUPPORT  ACTIVITY 
DEPARTMENT  OF  THE  ARMY 
FORT  MONMOUTH,  N.J.  07703 

OICY  ATTN  DRSEL-NL-RD  H.  BENNET 
OICY  ATTN  DRScL-PL-ENV  H.  SOFKE 
OICY  ATTN  J.  E.  QUIGLEY 
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commafcer 

HARRY  01*00  LABORATORIES 
DEPART*  NT  OF  THE  ARMY 
2800  POWDER  MILL  ROAD 
AOCLPNI,  MO  20785 

(CN*5i-l*£»  ENVELOPE:  ATTN:  0EL*>-AfrO 
OICY  ATTN  OELTO-T1  M.  WEINER 

OICY  ATTN  0€L*>-«8  R.  WILLIAMS 

OICY  ATTN  0£LM>NP  F .  W|*N|T2 

OICY  ATTN  DEL/O-NP  C.  M0A2ED 


CQMFVUOER 

U.S.  ARMY  COm-ELEC  ENGAG  INSTAL  AGY 
FT.  MOACHUCA,  A2  85615 

OICY  ATTN  CCC-EMEO  GEORGE  LA*£ 


comnucer 

U.S.  army  FOREIGN  science  t  TEOi  ctr 
220  7TH  STREET,  NE 
CHARLOTTESVILLE,  VA  22901 
OICY  ATTN  DRXST-SO 
OICY  ATTN  R.  JONES 


C9MUOCR 

naval  Surface  weapons  center 

OAft.GAEN  LABORATORY 
0*L«EN,  VA  22441 

OICY  ATTN  C006  OF-14  R.  BuTlER 

COMMA*©!*©  UFFICER 
NAVY  SPAa  SYSTEMS  ACTIVITY 
P.O.  BOX  92960 
WORLOWAY  POSTAL  CENTER 
LOS  ANGELES,  CA.  90009 
OICY  ATTN  COOE  S2 

OFFICE  OF  NAVAL  RESEARCH 
ARLINGTON,  VA  22717 

OICY  ATTN  COOE  V65 
OICY  ATTN  COOE  «61 
OICY  ATTN  CODE  407 
OICY  ATTN  COOE  420 
OICY  ATTN  COOE  421 

COmAttER 

AEROSPACE  DEFENSE  COMMA*© /DC 
D€PART*CNT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  80912 

OICY  ATTN  DC  MR.  LONG 


COMMA/©ER 

U.S.  ARMY  MATERIEL  OEV  &  READINESS  CH> 
5001  ElSE**OWER  AVENUE 
AlEXA*)RIA,  VA  22555 

OICY  ATTN  ORCLOC  J.  A,  6E*©€« 


C(MWO(R 

AEROSPACE  DEFENSE  CO*fW©/XPD 
DEPARTMENT  OF  Th£  AIR  FORCE 
ENT  AFB,  CO  80912 

OICY  ATTN  XPDQQ 
OICY  ATTN  XP 


CCm^ER 

U.S.  ARMY  NUCLEAR  AND  CHEMICAL  AGENCY 

7500  0ACXLICX  ROAO 

BLDG  2075 

SPRINGFIELD,  VA  22150 
OICY  ATTN  LIBRARY 

DIRECTOR 

U.S.  ARMY  BALLISTIC  RESEARCH  LABS 

ABERDEEN  PROVING  GROUND,  MD  21005 

OICY  ATTN  TECH  LIB  ECfcARD  BA ICY 

COMMANDER 

U.S.  ARMY  SATCOM  AGENCY 

FT.  MOf*OUTH,  NJ  07705 

OICY  ATTN  DOCUMENT  CONTROL 

COMMAMJER 

U.S.  ARMY  MISSILE  INTELLIGENCE  AGENCY 

REDSTONE  ARSENAL,  Al  55809 
OICY  ATTN  JIM  GAMBLE 

DIRECTOR 

U.S.  ARMY  TRADOC  SYSTEMS  ANALYSIS  ACTIVITY 

WHITE  SAMJS  MISSILE  RANGE,  W  88002 
OICY  ATTN  ATAA-SA 
OICY  ATTN  TCC/F.  PAYAN  JR. 

OICY  ATTN  ATAA-TAC  LTC  J.  HESSE 


A Ik  FORCE  GEOPnrSlCS  LABORATORY 
MANSCOM  ArB,  MX  01751 

OICY  ATTN  OPR  HAROLD  GARD*£R 

OICY  ATTN  OPR- 1  JAFCS  C.  ULWlCX 

OICY  ATTN  LKB  KE*€Th  S.  w.  CHAMPION 

OICY  ATTN  OPR  ALVA  T.  STAIR 

OICY  ATTN  JULES  AAROVS 

OICY  ATTN  PK)  JURGEN  BUOUVj 

OICY  ATTN  PM)  JO**  P.  HX.LEN 


A F  WEAPONS  LABORATORY 
XIRTLANO  AFB,  *1  87117 
OICY  ATTN  SUL 
OICY  ATTN  CA 
OICY  ATTN  OYC 
OICY  ATTN  DYC 
OICY  ATTN  OYT 
OICY  ATTN  DtS 
OICY  ATTN  DYC 


AATmjR  m.  GUENTHE8 
CAPT  j.  BARRY 
JOMV  M.  KAF* 

CAPT  MARK  A.  FRY 
MAJ  GARY  GANONG 
J.  JAfWV! 


AFTAC 

PATRICK  AFB,  Fl  52925 

OICY  ATTN  TF /MA J  WILEY 
OICY  ATTN  TN 


AIR  FORCE  AVIONICS  LABORATORY 
WR1GHT-PATTERSON  AFB,  OH  45455 
OILY  ATTN  AAO  WADE  HUNT 
OICY  ATTN  AAD  ALLEN  JOWSON 


COMMANDER 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 
WASHINGTON,  D.C .  20560 

OICY  ATTN  NAVALEX  054  T.  HUGHES 
OICY  ATTN  PME  117 
OICY  ATTN  PME  117-T 
OICY  ATTN  COOE  5011 

COMMANDING  OFFICER 
NAVAL  INTELLIGENCE  support  ctr 
4501  SUITLANO  ROAD,  BLDG.  5 
WASHINGTON,  D.C.  20590 

OICY  ATTN  MR.  DUBBIN  STIC  12 

OICY  ATTN  NlSC-50 

OICY  ATTN  CODE  5404  J.  GALET 


deputy  chief  of  staff 

RESEARCH,  DEVELOPMENT,  i  ACQ 
DEPART/* NT  OF  THE  A|R  FORCE 
WASHINGTON,  O.C.  20550 
OICY  ATTN  AFRDQ 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/XR 
DEPARTMENT  OF  THE  AIR  FORCE 
MANSCOM  AF8,  MA  01751 

OICY  ATTN  XR  J.  GEAS 

HEAOQUARTERS 

ELECTRONIC  SYSTEMS  OlViSIOh/YSEA 
DEPARTMENT  OF  THE  AIR  FORCE 
MANSCOM  AFB,  MA  01751 
OICY  ATTN  YSEA 
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corniest 

NAVAi.  OCEAN  SYSTEMS  CENTER 

SAN  DIEGO,  CA  92152 

05CY  ATTN  CODE  532  W.  HOLER 
OICY  ATTN  C006  0230  C.  BAGGETT 
01CY  ATTN  COOE  81  R.  EASTMAN 

01  RECTOR 

NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  O.C.  20375 

01CY  ATTN  COOC  6700  TIMOTHY  P.  COFFEY 

(.25  CYS  IF  UNCLASS,  l  CY  IF  CLASS) 

OICY  ATTN  CODE  6701  JACK  0.  BROrfN 
01CY  ATTN  COOE  6780  BRANCH  HEAD  050  CYS 

IF  UNXASS,  l  CY  IF  CLASS) 

OICY  ATTN  COOE  7500  HQ  COMM  DIR  BRUCE  *AU> 

01CY  ATTN  COOE  7550  J.  DAVIS 

OICY  ATTN  COOE  7580 

OICY  ATTN  COOE  7551 

OICY  ATTN  COOE  7555 

OICY  ATTN  COOE  6730  £.  MCLEAN 

OICY  ATTN  COOE  7127  C.  JO*SON 

commander 

NAVAL  SEA  SYSTEMS  COMMAS 
WASHINGTON,  O.C.  20362 

OICY  ATTN  CAPT  R.  PITKIN 

COMMANDER 

naval  space  Surveillance  system 

OAHLGREN,  VA  22448 

OICY  ATTN  CAPT  J.  H.  BURTON 

OFFICER-1N-CMARGE 
naval  SURFACE  WEAPONS  CENTER 
WHITE  OA*.  SILVER  SPRING,  20910 
OICY  ATTN  COOE  F Ji 

DIRECTOR 

STRATEGIC  SYSTEMS  PROJECT  OFFICE 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  D.C .  20376 

OICY  ATTN  NSP-2141 
OICY  ATTN  NSSP-2722  FRED  WIMBERLY 

naval  space  system  activity 
P.  0.  BOX  92960 
WORLDWAY  POSTAL  center 
LOS  ANGELES,  CALIF.  90009 

01CV  ATTN  A.  B.  HAZZARO 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  OIVISION/OC 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  DCKC  MAJ  J.  C.  CLARK 


COMRAM3ER 

FOREIGN  TECHNOLOGY  DIVISION,  AFSC 
WRIGHT -PATTERSON  AFB,  OM  45433 
OICY  ATTN  NICD  LIBRARY 
OICY  ATTN  ETDP  0.  BALLARD 

COMMAIOER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
GRIFF ISS  AFB,  NY  13441 

OlCr  ATTN  DOC  LI0RARY/TSLO 
OICY  ATTN  OCSE  V.  COYNE 

SAMSO/SZ 

POST  OFFICE  BOX  92960 
WORLDwAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
(>PAC£  DEFENSE  SYSTEMS) 

OICY  ATTN  SZJ 


STRATEGIC  AIR  COMhW4>/XPFS 
OFFUTT  AFB,  NB  6»US 

OICY  ATTN  XPFS  MAJ  8.  STEPHAN 
OICY  ATTN  AOWATE  MAJ  BRUCE  BAUER 
OICY  ATTN  MIT 

OICY  ATTN  DOK  Chief  SCIENTIST 

SAMSO/YA 
P.  0.  BOX  92960 
WORLOWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

OICY  ATTN  YAT  CAPT  L.  BLACKWELOER 

SAM50/SK 
P.  0.  BOX  92960 
worldway  postal  center 
LOS  ANGELES,  CA  90009 

OICY  ATTN  SKA  (SPACE  COMM  SYSTEMS)  M.  CtAVlN 
SAMSO/Mi 

NORTON  AFB,  CA  92409 
(MIWTEMAN) 

OICY  ATTN  MM.  lTC  KEMCDY 
COtWOER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
HANSCOM  AFB,  Ml  01751 

OICY  ATTN  E£P  •  A.  LORENTZEn 


department  of  energy 


DEPARTMENT  OF  ENERGY 
ALBUQUERQUE  OPERATIONS  OFFICE 
P.  0.  BOX  5400 
ALBUQUERQUE,  Ml  87115 

OICY  ATTN  DOC  CON  FOR  D.  SHERwOOO 

DEPARTMENT  OF  ENERGY 
LIBRARY  ROOM  G-042 
WASHINGTON,  D.C.  2054S 

OICY  ATTN  DOC  CON  FOR  A.  LABOW1TZ 

EGSG,  INC. 

LOS  ALAMOS  DIVISION 

P.  0.  BOX  809 

LOS  ALAMOS,  NM  85544 

OICY  ATTN  DOC  CON  FOR  J.  BREEDLOVE 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  LABORATORY 
P.  0.  BOX  808 
LIVERMORE,  CA  94550 

OICY  ATTN  DOC  CON  FOR  TEO  l^O  0£PT 
OICY  ATTN  DOC  CON  FOR  l-389  R.  OTT 
OICY  ATTN  DOC  CON  FOR  L-J]  R.  HAGER 
OICY  ATTN  DOC  CON  FOR  L-46  F.  SEWARD 

LOS  ALAMOS  SCIENTIFIC  LABORATORY 

P.  0.  BOX  1663 

LOS  ALAMOS,  W4  87545 

OICY  ATTN  DOC  CON  FOR  J.  WOLCOTT 
OICY  ATTN  DOC  CON  FOR  R.  F.  TASCHEK 
OICY  ATTN  DOC  CON  FOR  E.  JONES 
OICY  ATTN  DOC  CON  FOR  J.  MALlK 
OlCr  ATTN  DOC  CON  FOR  R.  JEFFRIES 
OICY  ATTN  DOC  CON  FOR  J.  ZINW 
OICY  ATTN  DOC  CON  FOR  P.  KEATON 
OICY  ATTN  DOC  CON  FOR  D.  wESTERVElT 

SAND (A  LABORATORIES 
P.  0.  BOX  5800 
ALBUQUERQUE,  W  87115 

OILY  ATTN  DOC  CON  FOR  J.  MARTIN 

OICY  ATTN  DOC  CON  FOR  W.  BROWN 

OICY  ATTN  OOC  CON  FOR  A.  ThCRNBROUGh 

OICY  ATTN  DOC  CON  FOR  T.  WRIGHT 

OICY  ATTN  DOC  CON  FOR  D.  0AM.GREN 

OICY  ATTN  DOC  CO^  cOk  3141 

OICY  ATTN  DOC  CON  FOP  SPACE  ‘'ROuEC?  DIV 
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t 


SANUIA  LABORATORIES 
LIVERMORE  uAB ORATORY 

p.  0.  do*  969 

L IVERMORE,  CA  99950 

OICY  ATTN  DOC  CON  FOR  d.  MURPHEY 
01CY  ATTN  DOC  CON  FOR  T .  COCK 

OFFICE  OF  MILITARY  APPLICATION 

department  of  energy 
WASHINGTON,  D.C.  20595 

OICY  ATTN  DOC  CON  FOR  0.  GAlE 


OTHER  GOVERNMENT 

central  intelligence  agency 

ATTN  RO/SI,  RM  5G9d,  K)  SLOG 
WASHINGTON,  O.C.  20505 

01CY  ATTN  OSI2PSIO  RM  5F  19 

DEPARTMENT  OF  COMMERCE 

national  bureau  of  standards 

WASHINGTON,  O.C.  20259 

call  CORRES:  Attn  SEC  OFFICER  for) 
01CY  ATTN  R.  MOORE 


INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMUNICATIONS  t  IFFO  AOMIN 
BOULDER,  CO  80303 

01CY  ATTN  A.  JEAN  CUNCCASS  ONLY) 
01CY  ATTN  w.  uTLAUT 
01CY  ATTN  0.  CROPBie 
OICY  ATTN  L.  BERRY 

NATIONAL  OCEANIC  i  ATMOSPHERIC  AOMIN 
environmental  research  laboratories 
OEPARTMENT  OF  COMMERCE 
BOULDER,  CO  80302 

OICY  ATTN  R.  GRUBB 

OICY  ATTN  AERONOMY  LAB  G.  REID 


AEROSPACE  corporation 
P.  0.  BOX  92957 
LOS  ANGELES.  CA  90009 


OICY 

OICY 

OICY 

OICY 

OICY 

OICY 

OICY 

OICY 

OICY 


ATTN  1.  GARFUTKEL 
ATTN  T.  SALMI 
ATTN  V.  UOSEPHSON 
ATTN  S.  BOWER 
ATTN  N.  STOCK WELL 
ATTN  D.  OLSEN 
ATTN  J.  CARTER 
ATTN  F.  MORSE 
ATTN  SMFA  FOR  PWW 


ANALYTICAL  SYSTEMS  ENGlFtERI*  CORP 
5  OLO  CONCORD  ROAD 
BURLINGTON,  HA  01803 

OICY  ATTN  RADIO  SCIENCcS 


BERKELEY  RESEARCH  ASSOCIATES, 
P.  0.  BOX  98) 

BERKELEY,  CA  99701 

OICY  ATTN  J.  WORKMAN 


INC. 


BOEING  COMPANY,  THE 
P.  0.  BOX  3707 
SEATTLE,  WA  96129 

OICY  ATTN  &.  KEISTER 
OICY  A1TN  D.  MURRAY 
OICY  ATTN  G.  HALL 
OICY  ATTN  J.  KEWrfY 

CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 
I PAPS,  8-019 
LA  JOLLA,  CA  92093 

OICY  ATTN  HEMJY  G.  BOOKER 

BROWN  ENG|f€£RING  COFPANY,  INC. 

CUMMINGS  RESEARCH  park 
HUNTSVILLE,  Al  3S807 

OICY  ATTN  ROMEO  A.  DELlBERIS 

Charles  stark  draper  laboratory,  I**. 

5S5  TECHNOLOGY  SQUARE 
CAI«RIDG£,  MA  02139 

OICY  ATTN  D.  8.  COX 
OICY  ATTN  U.  P.  GILMORE 

COFPuTER  SCIENCES  CORPORATION 
S56S  ARLINGTON  3LVD 
FALLS  ChuRCh,  VA  22096 
01CT  ATTN  H.  BLANK 
OICY  ATTN  JOHN  SPOOR 
OICY  ATTN  C  .  NAIL 

COMSAT  LABORATORIES 
lINThICUM  ROAD 

Clarksburg,  mu  20739 
0lc»  ATTN  G.  HYDE 

Cornell  university 

department  of  ELECTRICAL  lNGI^-RI'K, 

ITuACA,  NT  19850 

OICY  ATTN  0.  '.  FARLEY  jR 

ElECTRUSPACE  SYSTEMS,  INC. 

BOX  1359 

RICHARDSON,  TX  75080 

Oicr  ATTN  H.  lOSSTON 

OICY  aTTn  SECURITY  (PAUL  PHILLIPS) 

esl  inc. 

995  JAVA  DRIVE 
SUXNYVAlE,  CA  9908b 

OICY  ATTN  J.  ROBERTS 
OICY  ATTN  UArt.5  MARSHALL 
OICY  ATTN  C.  w.  PRETTIE 

FORD  AEROSPACE  8  COMFVNICAT IONS  CORP 
3939  FABIAN  WAY 
PALO  ALTO,  CA  99303 

OICY  ATTN  J.  T.  MATT18XSLEY 


GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
&OOOARD  6LVO  KING  OP  PRUSSIA 
P.  0.  BOX  85SS 
PHILADELPHIA,  PA  19101 

OICY  ATTN  M.  H.  BORTNER 


SPACE  SCI  L*B 


GENERAL  ELECTRIC  COFPANY 
P.  0.  BOX  1122 
SYRACUSE.  NY  13201 

OICY  ATTN  F .  REIBERT 

GENERAL  ELECTRIC  COMPANY 
TESPO-CENTER  FOR  AOVANCEO  STUDIES 
816  STATE  STREET  (P.O.  DRAWER  QQ) 
SANTA  BARBARA,  CA  93102 
OICY  ATTN  DAS  I  AC 
OICY  ATTN  DON  CHANDLER 
OICY  ATTN  TOM  BARRETT 
OICY  ATTN  TIM  STEPHANS 
OICY  ATTN  WARREN  S.  KNAPP 
OICY  ATTN  WILLIAM  MCNAMARA 
OICY  ATTN  8.  GAME  ILL 
OICY  ATTN  MACK  STANTON 


*A  * 


<*  .. 


vc\£*Ai.  ELECTRIC  *ECh  ScRVlUS  CO., 
hMES 

COURT  STR£=T 
SYRACUSE,  NY  1)201 

01CY  ATT*  G.  mu.MA\ 

GE^RAL  RESEARCH  CORPORATION 
SANTA  BARBARA  DIVISION 
P.  0.  BOX  6770 
SANTA  BARBARA,  CA  95111 

01CY  ATTN  JOHN  ISE  JR 
OICY  ATTN  JOEL  GAR BAR {NO 


KAMAN  SCIENUS  CORP 
p.  0.  BO*  7*S3 
COLORADO  SPRINGS,  CO  80*53 
OICY  ATTN  T.  NEA^HtR 

li**abit  corp 
10453  ROSCllc 
SAN  OUuO,  CA  97121 

OICY  ATTN  IRmIN  JACOBS 


GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  AlASXA 

FAIRBANKS,  AK  99701  M.l.T.  L INCOLN  LABORATORY 


(ALL  CLASS  ATTN:  SECURITY  OFF 
OICY  ATTN  T.  N.  DAVIS  (UNCI  ONLY) 
OICY  ATTN  NEAL  BROWN  (UNCL  ONLY) 
OICY  ATTN  TECHNICAL  LIBRARY 

GTE  SYL VANIA,  INC. 

ELECTRONICS  SYSTEMS  GRP-EASTcRN  DIV 
77  A  STREET 
NcEOHAM,  MA  021 9** 

OICY  ATTN  MARSHAL  CROSS 

ILLINOIS,  UNIVERSITY  OF 
DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
URBANA,  IL  61803 

OICY  ATTN  K.  YEH 

ILLINOIS,  UNIVERSITY  OF 
107  COBLE  HALL 
801  S.  WRIGHT  STREET 
URBANA,  IL  60680 

CALL  CORRES  ATTN  SECURITY  SUPERVISOR 
OICY  ATTN  K.  YEH 


r  .  V .  OWA  /  J 

LEXINGTON,  MA  02173 

OICY  ATTN  DAVID  H.  TOWLt 
OICY  ATTN  P.  WALDRON 
OICY  ATTN  L.  lOUGhl I N 

oicy  attn  D.  Clark 

MARTIN  MARIETTA  CORP 
ORLANOU  DIVISION 
P.  0.  80*  385/ 

ORLANX3,  FL  32809 

OILY  ATTN  R .  rtEFFNfcR 

MCDQM*  LL  DOUGLAS  CORPORATION 
9301  BOLSA  A VEM.E 
HUNTINGTON  BEACH,  CA  92647 
OICY  ATTN  N.  HARRIS 
OICY  ATTN  J.  HOUL= 

OICY  ATTN  GEORGE  M*02 

OILY  ATTN  *.  OLSON 

OICY  ATTN  R .  «.  mAlPRIN 

oicy  ATT\  TcL'-'MCAc  S.I8RARY  SERVICES 


INSTITUTE  FOR  DEFENSE  ANALYSES 
400  ARMY -NAVY  DRIVE 
ARLINGTON,  VA  22202 

OICY  ATTN  J.  M.  AEIN 
OICY  ATTN  ERNEST  BAUER 
OICY  ATTN  HANS  WOLFHARD 
OICY  ATTN  JOEL  BENGSTON 

HSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  01730 

OICY  ATTN  DONALD  HANSEN 

INTL  TEL  £  TELEGRAPH  CORPORATION 
900  WASHINGTON  AVENUE 
NUTLET,  NO  07110 

OICY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

1401  CAMINO  DEL  MAR 
DEL  MAR,  CA  92014 

OICY  ATTN  S.  R.  GOLOMAN 


MISSION  RESEARCH  CORPORATION 
735  STATE  street 
SANTA  BARBARA,  CA  93101 
OICY  ATTN  p.  FISCHER 
OICY  ATTN  W.  F.  CRtVlER 
OICY  ATTN  STEVEN  L.  GUtSCHE 
OICY  ATTN  D.  SAPPE^IELO 
OICY  ATTN  R.  80GUSCM 
OICY  ATTN  R  HENDRICK 
OICY  ATTN  RAI.PM  <)Lo 
OICY  ATTN  DAVE  SOWLE 
OICY  ATTN  F.  FAJEN 
OICY  ATTN  M.  SCMEI8E 
OICY  ATTN  CONRAD  L.  LONGM1RE 
OICY  ATTN  WARREN  A.  SCK.UET6R 

MITRE  CORPORATION,  THE 
P.  0.  BOX  208 
BEDFORD,  MA  017  30 

OICY  ATTN  JOm  MORGANSTERN 
OICY  ATTN  G.  HARDING 
OICY  ATTN  C.  E.  CALLAHAN 


JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JCPNS  HOPKINS  ROAD 
LAUREL,  MD  20810 

OICY  ATTN  DOCUMENT  LIBRARIAN 
OICY  ATTN  THOMAS  POTEMRA 
OICY  ATTN  JOHN  OASSOULAS 

LOCKHEED  MISSILES  6  SPACE  CO  INC 
P.  0.  BOX  304 
SUNNYVALE,  CA  94088 

OICY  ATTN  DEPT  60-12 
OICY  ATTN  D.  R.  CHURCHILL 

LOCKKEO  MISSILES  AM)  SPACE  CO  INC 
3251  HANOVER  STREET 
PALO  ALTO,  CA  94304 

OICY  ATTN  MARTIN  WALT  DEPT  52-10 
OICY  ATTN  RICHARD  G.  JO^SON  DEPT  52-12 
01CT  ATTN  W.  L.  imOF  DEPT  52-12 


MITRE  CORP 

WESTGATE  RESEARCH  PARK 
1820  DOLLY  MADISON  BLN© 

MCLEAN,  VA  22101 

OICY  ATTN  W.  HALL 
OICY  ATTN  W.  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
1456  CLOVERP 1 ELD  BIVO. 

SANTA  MONICA,  CA  90404 

OICY  ATTN  E.  C.  FIELD  JR 

PENNSYLVANIA  STATE  UNIVERSITY 
IONOSPHERE  RESEARCH  LA8 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITT  PARK,  PA  16802 

(NO  CLASSIFIED  TO  THIS  ADORESS) 

OiCT  ATTN  IONOSPHERIC  RESEARCH  LAB 


5 


4 


PHOTOMETRIC!,  INC. 
mi  marrett  «w 
lexh*ton,  aim 

Oicr  attn  irvinu  l.  <opsxt 

PHTSICAL  DTNRNICS  INC. 

P.  0.  SOX  501/ 

BELLEVUE,  MO  44QOS 

Diet  ATTNc.  J.  FwEMDJW 

PHYSICAL  DYNAMICS  INC. 

P.  0.  BOX  1000 

Bewecer,  co  o*/oi 

0U»  ATT*  0.  TnUMPSON 

0(0  ASSOCIATES 
P.  0.  oox  0*05 

moo i no  oec  oer,  ca  ooioi 

Oicr  ATTN  POOREST  nIlNQRC 
01CT  OTTN  BOTON  COORAND 
OUT  ATTN  MILLION  0.  MMGMT  JO 

oicr  ottn  Robert  f.  lElevieo 
Oicr  OTTN  million  j.  koozos 
our  ottn  m.  oor 
our  ottn  c.  nococnolo 
our  OTTN  0.  Tuooo 

ROOD  CORPORATION,  THE 
1700  MAIN  STREET 
SANTO  MONICO,  CO  00*06 

Oicr  OTTN  CULLEN  CRAIN 
OUT  ATTN  ED  BEDOOIION 

RIVERS  IOC  RESEARCH  INSTITUTE 
10  MEST  END  AVENUE 
NEW  TOOK,  Nr  10015 

01CT  ATTN  VINCE  TRAPANI 

SCIENCE  APPLICATIONS,  INC. 

P.  0.  BOX  15S1 
LA  JOLLA,  CA  0105* 

Oicr  OTTN  LEWIS  M.  LINSON 
OUT  ATTN  DANIEL  A.  MAH. IN 
Oicr  OTTN  0.  SACHS 
Oicr  ATTN  E.  o.  STROKE* 

OUT  OTTN  CURTIS  A.  SMITH 
01CT  ATTN  JACX  MCOOUOALL 

OATTHECM  CO. 

511  BOSTON  POST  ROAD 
SUOOUOT,  MO  01776 

01CT  ATTN  BARBARA  A0«« 

SCIENCE  APPLICATIONS,  INC. 
HUNTSVILLE  DIVISION 
1100  M.  CL  INTO*  AVENUE 
SUITE  700 

HUNTSVILLE,  At  5 SMS 

01CT  ATTN  OALE  H.  DIVIS 


SC  IEHCE  APPLICATIONS,  INCORPORATED 
4*00  mESTPARX  DRIVE 
MCLEAN,  VA  11101 

OUT  ATTN  J.  COCXATie 

SCIENCE  APPLICATION,  INC. 

M  HISS  It*  JAIVt 
PLEASANTON,  CO  0*56* 

OUT  OTTN  SI 


SRI  INTERNOT  tUNOL 
555  RAVENSmOOD  AVENUE 
MCM.0  PARC,  CA  0*01S 

OUT  ATTN  JONRLD  NEIL  SIM 
OUT  ATTN  ALAN  MM 
01CT  ATTN  6.  SMITH 
01CT  OTTN  L.  L.  COBB 
01CT  ATTN  DAVID  A.  XHOON 
OUT  ATTN  MALTER  6.  CHESNUT 
BUT  ATTN  CHARLES  L.  RINO 
BUT  ATTN  MALTER  JATE 
BUT  ATTN  H.  BARON 
OUT  ATTN  RAT  L.  LCAOPBRAFC 
01CT  ATTN  6.  CMPCNTER 
01CT  ATTN  6.  PRICE 
01CT  ATTN  J.  PETERSON 
01CT  ATTN  R.  HAKE,  JR. 

OUT  ATTN  V.  MMOLES 
OUT  ATTN  D.  MCDANIEL 

TEOM0L06T  INTERNATIONAL  COOP 
75  MIG6INS  AVEMJE 
BEDFORD,  NO  01750 

OICT  ATTN  M.  P.  BOQUIST 

TRM  OCPENSE  I  SPACE  STS  CROUP 

OF*  SPACE  PARK 

REDONDO  BEACH,  CA  00171 

OICT  ATTN  R.  X.  PLEBUCN 
OICT  ATTN  S.  ALTSCHULER 
OICT  ATTN  D.  DCE 

V1SI0TNE,  INC. 

10  third  avenue 

NORTH  WEST  I MXJS TRIAL  PMBC 
BURL  INST  ON,  HA  01105 

OICT  ATTN  CHARLES  HUMET 
OICT  ATTN  J.  W.  CARPENTER 
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IONOSPKRIC  KXXlING  DISTRIBUTION  LIST 
UNCLASSIFIED  ON U 


please  distribute  one  copy  to  eao»  op  the  following  people: 


ADVANCED  RESEARCH  PROuECTS  AGENCY  (ARPA) 
STRATEGIC  TECHNOLOGY  Off  ICE 
ARLINGTON,  VIRGIN!* 

CAPT.  OONAlO  M.  weVl»« 


HARVARD  UNIVERSITY 
HARVARD  SQUARE 
C ABRIDGE,  HASS.  02131 

DR.  M.  B.  MCELROY 
OR.  R.  LlMWEN 


NAVAL  RESEARCH  LABORATORY 

WASHINGTON,  O.C.  20375 

DR.  P.  HANGE 
DR.  R .  HfiER 

DR.  E.  SZuSZCZEWICZ  -  CODE  7127 

DR.  TIMOTHY  COFFEY  -  COOE  6700  C20  COPIES) 

DR.  S.  OS $4*0  -  CODE  6780  (100  COPIES) 

DR.  j.  GOOOMAN  -  COOE  7560 


SCIENCE  APPLICATIONS,  INC. 
1250  PROSPECT  Plaza 
wA  uOLl*.  CALIFORNIA  92037 

DR.  0.  A.  H4H.JN 
DR.  L.  LlNSON 
D«.  0.  SACHS 


DIRECTOR  OF  SPACE  ANO  ENVIROHlNTAL  LABORATORY 
NOAA 

BOULDER,  COLORADO  8030? 

DR.  A.  Gl£»*  JEAN 
DR.  G.  w.  ADAMS 
DR.  D.  N.  ANOERSON 
DR.  <.  OAvlES 
DR.  R.  F.  DOFPjE^ly 


A.  F ,  GEOPHYSICS  LABORATORY 
w.  G.  HANSOM  *|ELD 
BEDFORD.  HASS.  017)0 

DR.  T.  kL* INS 
DR.  m.  SwlDE* 

HRS.  R .  SAGALYN 
DO.  j.  M.  FORBES 
DR.  T.  o.  <E>€ShEA 
D«.  AARONS 


OFFICE  OF  NAvAc  RESEARCH 
800  NORTH  QUINCY  STREET 
ARlINGTO*,  VIRGINIA  22217 


COMMAM>£« 

naval  Electronics  laboratory  center 

SAN  DIEGO,  CALIFORNIA  92152 

DR.  *.  SLE IwE ISS 
DR.  I.  ROTHKJLLER 
DR.  V.  HILDEBRAND 
MR.  R.  ROSE 


u.  S.  ARMY  ABERDEEN  RESEARCH  AND  DCVtLOPWT  CENTER 

ballistic  research  laboratory 

ABERDEEN,  MARVLAM) 


or.  j.  heifcrl 


CONMAftfXII 

NAVAL  AIR  system  CCPMM* 
DEPARTMENT  *f  TNI  NRVT 
WASHINGTON,  D.C.  ItlM 


PENNSYLVANIA  STATE  UNIVERSITY 
UNIVERSITY  PARK,  PEWSTLVANJA  16802 

DR.  J.  S.  N1S6ET 
OR.  P.  R.  RONRBAuGh 
DR.  D.  E.  BARAN 
OR.  L .  A.  CARPENTER 
DR.  m.  lEE 
DR.  R.  DIvANY 
DR.  P.  B£**TT 
DR.  E.  KlEvANS 

university  of  California,  los  angeles 

405  HlLLGARD  AVENUE 

lOS  ANGELES,  CALIFORNIA  90 024 

DR.  F .  v.  CORCXITJ 
OR.  C.  KEM£l 


university  of  California,  Berkeley 
BEKELEV,  CALIFORNIA  9*720 


OR.  M.  HJOSON 


UTAH  STATE  UNIVERSITY 
4Th  N.  AM)  8Tm  STREETS 
LOGAN,  UTAH  84322 

DR.  P.  M.  BANCS 
DR.  R.  HARRIS 
DR.  V.  PETERSON 
DR.  R.  MEGIll 
OR.  K.  BAKER 

CORNELL  UNI  VCRS  I Tr 
ITHACA,  NEW  YORK  14*50 

OR.  w.  E.  Swartz 
DR.  R.  SUDAN 
OR.  D.  FARLEY 
OR.  N.  KELLEY 


NASA 

goooard  space  flight  center 

GREENBEL',  NAflTLANO  20771 

DR.  S.  CHANDRA 
OR.  K.  NACOO 

PRINCETON  UNIVERSITY 
PtAVAA  PHYSICS  LABORATORY 
PRINCETON,  NEW  JERSEY  0l$40 


OR.  F.  PERKINS 
DR.  6.  FRIEHAN 


INSTITUTE  FOR  OEFENSE  ANALYSIS 
400  ARMY /NAVY  DRIVE 
ARLINGTON,  VIRGINIA  22202 

OR.  E.  BAUER 


b  '?V 
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ftmuMM,  m.  ism 

m.  M.  IMUKI 

ML  «L  MM)I 


